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Abstract
BACKGROUND: Obtaining two or more successive annual vintages from the same vineyard is characteristic of regions with a
tropical climate, such as the Submédio of the São Francisco Valley, Brazil. The present study aimed to characterize the chemical
composition of grapes in four production cycles (i.e. two calendar years) when considering the interaction between cv. Syrah
and two rootstocks. For a broad characterization, two methodologies for the extraction of phenolic compounds were used,
as well as diﬀerent methods of analysis.
RESULTS: The results obtained showed that there was an inﬂuence of rootstock and harvest season. Grapes from vines grafted
onto IAC 313 contained higher concentrations of total condensed tannins (skins) and ﬂavanols than grapes from vines grafted
onto 1103P. However, the grape samples from the vines grafted onto 1103P containedhigher levels ofmonomeric anthocyanins
than thegrape samples from thevinesgraftedonto IAC313. Theﬁrst harvest seasonwas characterizedbyhigher concentrations
of most phenolic compounds than the second harvest season.
CONCLUSION: In the present study, it was possible to conﬁrm that, in the semiarid region of Brazil, the interaction between
the cultivar Syrah and the diﬀerent rootstocks, as well as the climatic conditions in each harvest season, inﬂuenced the compo-
sition of the grapes, mainly in relation to phenolic compounds.
© 2019 Society of Chemical Industry
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INTRODUCTION
Viticulture is a typical farming activity of temperate zones and has
expanded to regions with a warm climate based on the local
grapevine cultivar (Vitis vinifera L.). Technological advances in crop
management have enabled grape growing in tropical regions on
a commercial scale. Tropical viticulture is typical of regions where
minimum temperatures are not suﬃciently low to induce natural
vegetative repose in the vines. The vine grows continuously and,
by use of appropriate technology, it is possible to obtain two or
more harvests per year in the same vineyard,1 as is typical in the
region of the Submédio São Francisco Valley in Northeast Brazil.
Data from the International Grape and Wine Organization in
2016 indicate that the principal vineyards in the world occupy a
total of 7 516 000 ha of land, with Brazil containing 85 000 ha of
vineyards. Brazil produced 1.1 million tons of grapes in 2016 and
33%of this productionwas from V. vinifera L. grapes,2 demonstrat-
ing the importance of Brazil in worldwide viticulture.
The composition of grapes is the result of intrinsic factors (vari-
ety, clone and rootstock), as well as extrinsic factors, such as
climatic conditions, soil type, region and cropping techniques.
According to Gonzalez-Neves et al.,3 the genetic factors that aﬀect
the composition of grapes determine the oenological potential of
each grape variety, and a large group of phenolic substances can
be used to characterize diﬀerent varieties of grapes.
In vineyards, rootstocks have been used since the second half
of the 19th Century as a result of the accidental invasion of phyl-
loxera (Daktulosphaira vitifoliae), which is an aphid that limits the
development of cultivars of V. vinifera L. Today, besides being used
as a form of resistance, rootstocks are used for other purposes: to
adapt the plant to certain climatic conditions (temperate or trop-
ical regions); to diﬀerent soil types (limestone, acidic or saline); to
control pests and soil diseases (nematodes and fusariosis, amongst
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others); and to control the vigor of the grapevine, inﬂuencing the
development and production of grapes.4 According to Reynolds
andWardle,5 the use of a rootstock aﬀects the size of the berry and
its chemical composition such as the content of sugars, organic
acids and anthocyanins, consequently inﬂuencing the composi-
tion of the wine. In most cases, it is diﬃcult to determine whether
changes in the grape composition are a direct result of the accu-
mulation of metabolites or an indirectly result relating to diﬀer-
ences in vigor, productivity or architecture of the canopy in the
plants.6
The use of the rootstock alters the absorption of water and min-
erals, and also aﬀects the physiological process and, consequently,
the vigor and yield of the vine, besides the composition in grapes.
Paulsen 1103 rootstock was obtained by crossing between the
species Vitis berlandieri versus Vitis riparia. This rootstock induces
the formation of canopy with high vigor eﬀect, which can delay
maturation, alsopresents anearly vegetative cycle andgoodadap-
tation to dry and clayey soils. The IAC 313 or ‘Tropical’ is the result
of a crossing between Golia (V. riparia versus V. vinifera L.) and Vitis
cinerea, presenting the canopy with vigorous growth and good
adaptation to argillaceous, arenaceous and acid soils.7
The climate inﬂuences vine physiology via temperature, rainfall,
vapor pressure deﬁcit, relative evapotranspiration, sunshine hours
and wind. Bioclimatic indices are useful to account for the inﬂu-
ence of climate on vine development and grape ripening. Vine
phenology can be modelled by the sum of active temperatures
(i.e. sum of each daily Celsius degree over 10 ∘C).8 The heliother-
mic capabilities of the grapevine under semiarid conditions allow
it to undergo continuous vegetative development throughout the
year, making it possible to obtain more than one harvest per year.
The uniqueness of this warm climate was indicated by Tonietto
and Carbonneau9 when proposing the concept of a wine-growing
climate with intra-annual variability. The region contains three
wine-growing classes: IS1IH +3 IF-2 (moderate drought with hot
nights); IS +1 IH +3 IF-2 (moderate drought, very hot and warm
nights); and IS +2 IH +3 IF-2 (intense, very hot drought and warm
nights), which are characteristic of the wine-growing climate with
intra-annual variability, and which correspond to the regions that,
under natural climatic conditions, change wine class according to
the period of the year during which the grape is produced.9
The Submédio São Francisco Valley is located in the tropical
semiarid region, in the west of the state of Pernambuco and
north of the state of Bahia, between the parallels 07∘0′00′′ and
10∘301′00′′ south latitude and between the meridians 37∘00′00′′
and 41∘00′00′′ west longitude, with an area of 125.755 km2, and
the Valley covers the municipalities of two states in Northeast
Brazil (Bahia andPernambuco).10 Most soils have amediumnatural
fertility potential, and the limitations to management are related
to problems of depth, stoniness, slope and water regime, which
also results in a variability in the soil classes of this region.10
The region is considered as new to Brazilian and world wine-
making and has been producing wine for approximately 35 years.
The region is characterized by the absence of a deﬁned winter,
making it possible for a vine to produce two harvests per year.
In addition, wine companies can stagger the pruning and har-
vesting of grapes, making it possible to harvest grapes and make
wines between April and December and also avoid the rainy sea-
son between January and April. The physicochemical composition
and the quality of wines can vary greatly depending on har-
vest date (i.e. the month in which the grape was harvested and
processed) because of intra-annual climatic variations. Regional
grape-growing areas are located in the states of Pernambuco and
Bahia, between parallels 8∘ and 9∘ south latitude, with an average
altitude of 350m and a tropical semiarid climate.9
The present study aimed to characterize the composition of
Syrah grapes (main red variety of this region) in relation to their
interaction with diﬀerent rootstocks, as well as to the climatic
variation in each harvest season. The work diﬀers from previous
other studies conducted in the region, mainly as a result of the
detailed analysis of the phenolic composition in diﬀerent parts of
the grapes (skin, seed and pulp) and the period of analysis (four
harvest seasons in 2 years).
MATERIALS ANDMETHODS
Vineyards localization and plant material
The work described in the present study was carried out in exper-
imental vineyards belonging to the Santa Maria farm, which
is located in the municipality of Lagoa Grande, Pernambuco,
Brazil, at latitude 8∘ to 9∘02′S and longitude 40∘11′W. Vineyards
were planted in a vertical trellis system, with a vine spacing
of 3.0× 1.0m, north–south rows orientation, and the use of drip
irrigation.
The V. vinifera L. Syrah variety, which is considered to be themain
red cultivar in the region, was used in the present study. Clone 470
was grown on two rootstocks, IAC 313 and Paulsen 1103, and the
vines were approximately 10 years of age in the ﬁrst year of study.
The vines were located in the same area. The experimental design
comprised a randomized block, with three replicates of ﬁve vines
(15 vines) being randomly selected per rootstock (totaling 30 vines
along of the vineyard).
Samples for the ﬁrst semester of the year were collected in July
(years 2016 and 2017), whereas harvesting of the grapes relative to
the second semester of the yearwas carriedout inDecember (2014
and 2016 years). Bioclimatic data of the regionduring the study are
shown in Fig. 1, with data being collecteddaily at aweather station
located on the farm.
Extraction of the grape phenolic compounds
During harvest, all bunches of grapes were collected from the 15
grapevines marked in the ﬁeld. In the laboratory, berries of grapes
were randomly collected at the beginning, middle and end, inside
and outside of each bunch. Then, two methods of extraction
of phenolic compounds were performed.
The ﬁrst extraction method was proposed by Carbonneau and
Champagnol,11 and the extract was obtained by macerating the
skins and seeds (of 200 berries) for 24 h at 20 ∘C, using ethanol
(96%) and tartaric acid solution at pH 3.2 as solvents. Then,
the extract was centrifuged at 1096 g for 10–15min, before
being used.
In the second extraction method, skins (35–50 g), pulp
(120–160 g) and seeds (7–12 g) were separated from diﬀerent
bunches and berries. The phenolic compounds were extracted in
accordance with the method proposed by Bourzeix et al.12 using
solvents of diﬀerent polarities (methanol, water and acetone) and
with diﬀerent contact times for consecutive maceration.
Technological maturity parameters
Thegrapemust obtainedby themethodproposedbyCarbonneau
and Champagnol11 was lightly ﬁltered and subjected to analysis
of pH, total soluble solids and total acidity, as well as tartaric
and malic acids, using the methods proposed by the International
Organization of Grape and Wine13.
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Figure 1. Bioclimatic indices related to production cycles of vines in two harvest seasons and diﬀerent years of study in the state of Pernambuco, tropical
semiarid region in Brazil. I harvest, harvest of the ﬁrst semester of the year; II harvest, harvest of the second semester of the year; Figure 1 A, temperatures;
Figure 1B, relative humidity and rainfall.
Spectrophotometric analyses (i.e. of the solid part
extract obtained by the method proposed by Carbonneau
and Champagnol11) were conducted for total phenols,14
non-ﬂavonoids and ﬂavonoids,15 total anthocyanins,16 color inten-
sity and tonality,13 tanning power17 and individual monomeric
anthocyanins.18
The individual extracts of skins, pulps and seeds (obtained by
method proposed by Bourzeix et al.12) were used for the frac-
tionation of ﬂavanols as a function of their molecular weight.19
The low molecular weight ﬂavanols were fractionated accord-
ing Ricardo-da-Silva et al.20 and the ﬂavanols were isolated on
a Fractogel chromatographic column (Merck Millipore, Burling-
ton, MA, USA) following further degradation by acid-catalyzed
depolymerization in the presence of toluene-𝛼-thiol, followed by
high-performance liquid chromatography (HPLC) analysis.21–23
Statistical analysis
To detect statistically signiﬁcant diﬀerences, data analysis was
performed by analysis of variance (ANOVA). Diﬀerences between
each treatment were tested by a multiple means comparison test
(Tukey’s honestly signiﬁcant diﬀerence). P< 0.05 was considered
statistically signiﬁcant. A principal component analysis (PCA) was
applied to the data with respect to anthocyanins, fractionation of
condensed tannins (ﬂavanols) and small ﬂavanols to evaluate the
eﬀects on grapes cultivated at the two altitudes. Both analyses
were carried out using Statistix, version 9.0 (Analytical Software,
Tallahassee, FL, USA).
RESULTS ANDDISCUSSION
Technological maturity parameters
Technological berry parameters are shown in Table 1 . Diﬀerences
were observed for some parameters. The pH vales ranged from
3.68 to 3.98 for Syrah grapes of IAC 313-grafted vines and from
3.59 to 4.29 for Syrah grapes of 1103P-grafted vines, between the
second and ﬁrst harvest season, respectively. The pH values for
grapes in this region are considered to be high compared to those
of other traditional wine-making regions. According to Sigler,24
in warm weather (with average temperatures close to 30 ∘C), the
pH of grapes is close to or above 4.00, diﬀering from the values
wileyonlinelibrary.com/jsfa © 2019 Society of Chemical Industry J Sci Food Agric 2019; 99: 5050–5063
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measured in other traditional wine-making regions of the world.
Figure 1 shows that the average temperatures were between 25.3
and 28.8 ∘C in the ﬁrst productive cycle and between 27.6 and
29.8 ∘C for the second productive cycle of the grapevine, which
could explain the high pH values found in the present study. High
potassium contents found in the soils of the study region7,25 may
reﬂect the formation of acid salts at the expense of free acids, also
promoting an increase of the pH value in grapes.
The ﬁndingswith respect to total acidity (Table 1) for berries dur-
ing the ﬁrst harvest season reached greater values, with 7.1 g L−1
and 6.4 g L−1 of tartaric acid, for grapes from vines grafted onto
1103P and IAC 313, respectively. The high acidity results for the
Syrah cultivar are in agreement with those of Lima et al.,26 who
studied the inﬂuence of the harvest season on the analytical
characteristics of Syrah grapes (concentrations of approximately
4.2 g L−1 of tartaric acid) and Leão et al.,27 who studied canopy
management eﬀects on Syrah grapevines under semiarid tropi-
cal conditions (concentrations between 4.3 g L−1 and 7.3 g L−1 of
tartaric acid). The highest concentrations of total acidity in grapes
from the ﬁrst harvest seasonmay be related to the high concentra-
tions of tartaric acid and mainly malic acid (Table 1). These acids
are degraded slowly as a result of the lower temperatures in the
ﬁrst harvest season than in the second season. Figure 1 shows
that, in the ﬁrst productive cycle, themaximum temperatureswere
between 30.7 and 34.2 ∘C, and the relative humidity of the air is
higher. In the second productive cycle of the vine, the maximum
temperatures varied between the study years from 33.5 to 36.1 ∘C,
with the relative humidity being lower in this cycle.
The highest concentration of tartaric acid in grapes was
4.2 g kg−1 and there were no signiﬁcant diﬀerences between
the rootstocks and the harvest seasons. The synthesis of tartaric
acid occurs in the early stage of berry formation and, once formed,
there is generally no net loss of tartaric acid as the berries mature
further; however, some initial studies have suggested that tartaric
acid may be catabolized when ambient temperatures exceed
30 ∘C.28
The malic acid content was higher in the ﬁrst harvest season,
with values ranging from 1.1 g kg−1 (Syrah IAC 313) to 3.7 g kg−1
(Syrah 1103P), than in the second harvest season. The high max-
imum daily temperatures during fruit ripening in the second har-
vest season (34.1 ∘C in 2014 and 35.9 ∘C in 2016) may have favored
the degradation of this acid. According to Moreno and Peinado,29
the decrease in malic acid is strongly inﬂuenced by the tempera-
ture because, when the weather becomes warmer, the grape cells
increasingly use stored malic acid to meet their increasing energy
requirements.
Phenolic maturity parameters
The results of the global phenolic composition are provided
in Table 1. Total phenols and ﬂavonoids reached high concen-
trations in most samples in the second harvest season. Grapes
from vines grafted onto IAC 313 obtained the highest values for
total phenols, with 527.4mg kg−1 of fresh weight and ﬂavonoids
with 431.9mg kg−1 of fresh weight. For the non-ﬂavonoid pheno-
lic compounds, the highest concentrations were in grapes derived
from vines grafted onto 1103P, with 99.0mg kg−1 fresh weight.
There was a tendency for higher concentrations of total phe-
nolic compounds and ﬂavonoids in the second harvest season
than in the ﬁrst harvest season, which could be related to a bet-
ter interaction between the cultivar and the rootstock, as well as
the climatic conditions in the harvest season. The synthesis and
accumulation of phenolic compounds in grape berries are also
determined by genetic factors and the interaction between geno-
type and environment.30
Regarding total anthocyanins, the concentrations ranged from
185.5 to 238.1mg kg−1 berries (Syrah IAC 313) and from 286.3
to 378.0mg kg−1 berries (Syrah 1103P). The highest levels were
observed in grapes of vines grafted onto Paulsen 1103, whichmay
be related to some dehydration of the berries and possible con-
centration of this compound. The 1103P rootstock is considered
to be less vigorous compared to IAC 313,31 under tropical condi-
tions, which may promote less leaf formation in the canopy, leav-
ing the clusters more exposed to climatic conditions of the region.
According to Reynolds and Wardle,5 the rootstock interferes with
the chemical composition, such as the sugar content, organic acids
and anthocyanins. It was also possible to observe (Table 1) a trend
towards a higher concentration of anthocyanins in grapes har-
vested in the second harvest season (hot climate) than in grapes
harvested in the ﬁrst harvest season (less hot climate).
Monomeric anthocyanins
The concentrations of individual anthocyanins that were ana-
lyzed by HPLC are shown in Table 2. Themonoglucosylated antho-
cyanins delphinidin, petunidin and malvidin were higher in the
samples from vines grafted onto 1103P, at 5.3, 3.9 and 33.6mgg−1
berries, respectively, than in the samples from vines grafted
onto IAC 313. The monoglucosylated cyanidin was higher in the
berries of the Syrah IAC 313 treatment (2.3mgg−1 berries) than
in grapes of the Syrah 1103P treatment. Concerning the har-
vest season eﬀect, there was a trend towards a higher concen-
tration of delphinidin 3-O-glucoside, peonidin 3-O-glucoside and
malvidin 3-O-glucoside in the ﬁrst harvest season and cyanidin
3-O-glucoside in the second season.
Regarding the anthocyanins esteriﬁed with acetic acid, the vari-
ation between the rootstocks was signiﬁcant. The Syrah berries
grafted onto the 1103P rootstock had a high content of the antho-
cyanin peonidin 3-O-acetylglucoside in the two harvests, with val-
ues of 1.4mgg−1 and 1.8mgg−1 for the ﬁrst and second har-
vest seasons, respectively. Petunidin 3-O-acetylglucoside obtained
high concentrations in the berries of vines grafted onto 1103P
during the ﬁrst harvest season (5.4mgg−1 berries). The delphini-
din 3-O-acetylglucoside concentrations were higher for grapes
from vines grafted onto the Paulsen 1103 rootstock, with val-
ues of 1.3mgg−1 and 1.4mgg−1 berries, for the ﬁrst and second
harvest seasons, respectively, than for grapes from vines grafted
onto the IAC 313 rootstock. In relation to the contents of malvidin
3-O-acetylglucoside, the highest concentrationwas in berries from
vines grafted onto IAC 313 (17.0mgg−1 berries) in the second har-
vest season. Therewas a tendency for higher concentrations of the
acetylglucosylated anthocyanins petunidin and delphinidin in the
ﬁrst harvest season of year and peonidin and malvidin in the sec-
ond harvest season.
Anthocyanins that were esteriﬁed with p-coumaric acid were
aﬀected by harvest seasons and rootstock factors (Table 2). Syrah
grapes grafted onto IAC 313 contained higher levels of petuni-
din in both harvests, with concentrations of 1.3mgg−1 for grapes
harvested in the ﬁrst season and 1.6mgg−1 for grapes in the sec-
ond harvest season of the year, than Syrah grapes grafted onto
1103P. High delphinidin valueswere found in Syrah (1103P) grapes
(15.9mgg−1) in the ﬁrst harvest season of the year. The concen-
tration of delphinidin was the highest among the concentrations
of the anthocyanins esteriﬁed with p-coumaric acid. The grapes
harvested in the ﬁrst harvest season contained higher concentra-
tions of malvidin esteriﬁed with p-coumaric acid, with 7.1mgg−1
wileyonlinelibrary.com/jsfa © 2019 Society of Chemical Industry J Sci Food Agric 2019; 99: 5050–5063
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berries (IAC 313) and 7.4mgg−1 berries (1103P), than the grapes
harvested in the second season.
The cyanidin derivatives were one of the individual anthocyanin
groups with the lowest concentrations (cyanidin 3-O-glucoside
and cyanidin 3-O-acetylglucoside), which is in agreement with the
results published by Costa et al.31 At the beginning of matura-
tion, the concentrations of peonidin 3-O-glucoside and cyanidin
3-O-glucoside in the skin of the berry are higher than those of
the other anthocyanins. The reduction in these compounds dur-
ing maturation is most likely linked to a block in the biosynthetic
pathwayof anthocyanins andan increase in the synthesis of trisub-
stituted anthocyanins as a result of diﬀerent enzymatic activities.32
The concentrations of total monomeric anthocyanins var-
ied in grapes from grafted vines in IAC 313, ranging from 43.3
to 61.0mgg−1 in the ﬁrst harvest season and from 36.3 to
52.0mgg−1 in the second harvest season. The concentrations
of total monomeric anthocyanins in grapes from vines grafted
onto Paulsen 1103 ranged from 56.7 to 84.2mgg−1 berries and
from 21.6 to 40.3mgg−1 berries in the ﬁrst and second harvest
season, respectively. The results showed that the harvest season
had a greater eﬀect than of the variety and rootstock interaction,
with the highest concentrations of total monomeric anthocyanins
occurring in the berries of the ﬁrst harvest season of the year. This
result could be related to the high temperatures in the region
during the productive cycles of the grapes in the second har-
vest season of the year (Fig. 1). High temperatures can aﬀect the
synthesis and/or degrade anthocyanins.8
As observed in the present study, the composition and concen-
tration of anthocyanins in the berries varied between the root-
stocks and harvest seasons throughout the year. According to the
literature, the anthocyanidin composition of grapes is considered
to be aﬀected by several factors, such as the origin and type of the
vine, degree of maturity and climatic conditions, especially light
intensity and temperature.32 The anthocyanin proﬁles for each
grape variety are relatively stable, whereas the absolute concen-
trations may vary widely between diﬀerent harvests because of
environmental and agronomic factors.33
Condensed tannins in seeds, skins and pulp
The statistical results of the concentrations of monomeric,
oligomeric and polymeric tannins in seeds are shown in Table 3.
The oligomeric tannins were higher in Syrah seeds from vines
grafted onto Paulsen 1103 than in Syrah seeds grafted onto IAC
313 in both the ﬁrst and second harvest seasons of the year, with
values of 12.1mgg−1 and 7.5mgg−1, respectively. In relation to
polymeric tannins, higher concentrations were also observed in
the Syrah samples grown on the 1103P rootstock, with a value of
34.6mgg−1.
Thus, in the present study, the seeds of Syrah grafted onto
1103P had higher values of total condensed tannins than the
seeds of Syrah grafted onto IAC 313, demonstrating that the
tannin proﬁle in seeds may be related to variety and rootstock
interaction, whereas the concentrations may be linked to the
climatic conditions of the region. The lower total tannin content in
skins compared to that in seedsmay be a result of the stable bonds
between tannins and other cellular components, such as cell wall
polysaccharides, lignins and proteins, as has been reported for
Syrah.34
The concentrations of condensed tannins in skins of Syrah
grapes grown under tropical conditions are presented in Table 3.
The oligomeric tannins in skins were higher in the Syrah (1103P)
samples, with a value of 0.8mgg−1 skin, in the ﬁrst harvest sea-
son of the year compered to the other samples. Regarding the
polymeric tannins in skins, the highest content was in the Syrah
(IAC 313) sample from the second harvest season, with a value of
3.5mgg−1 skin.
In the present study, small amounts of condensed tannins were
detected in the pulp of the grape samples and may be related to
contamination during the process of separating the pulp from the
skins.
The data concerning the mean degree of polymerization (mDP),
as well as percentages of galloylation and prodelphinidins in
seeds and skins, are shown in Table 3. In the analyzed seeds,
the highest values for mDP were for the Syrah seeds of grapes
grafted onto Paulsen 1103, with a value of 16 for the grapes of
the ﬁrst harvest season of 2017. These values are higher than those
reported by Cosme et al.35 for Syrah grape seed extract, which was
obtained under traditional viticulture conditions, with an mDP of
7.8 being observed for the variety mentioned. The percentage of
galloylation (%g) varied in the ﬁrst harvest season of the year from
26.4% to 33% in seeds of Syrah (IAC 313) and from 25.8% to 39.2%
in seeds of Syrah (Paulsen 1103). In secondharvest, the valueswere
from 29.7% to 31.5% in seeds of Syrah (IAC 313) and from 27.3% to
31% in seeds of Syrah (rootstock 1103P). A greater variation was
observed between the harvests than between the rootstocks, and
the greater values in the ﬁrst harvest season were caused by the
lower temperatures in the ﬁrst harvest season than in the second.
The mDP in skins ranged from 21.7 (Syrah 1103P) to 33.4 (Syrah
IAC313) in the ﬁrst harvest seasonof the year. In the secondharvest
season, the values ranged from 15.1 to 40.9 for Syrah IAC 313 and
Syrah 1103P, respectively. The mDP values of the present study
are in agreement with the values cited in the literature, with some
studies reporting mDP grades ranging from 11 to 83, depending
on the technique of fractionation employed, grape variety and
vintage.22,36
Generally, the skins of the grapes are characterized by a higher
percentage of prodelphinidins and lower percentage galloylation.
The percentage of prodelphinidins varied from 6.5% to 9.5% in
Syrah IAC 313 grapes and from 6.4% to 17.3% in Syrah grapes of
the rootstock Paulsen 1103. The percentage of prodelphinidins in
the present study is lower than that reported by Bordiga et al.37
in Italy in skins of the Cabernet Sauvignon variety but similar to
the percentages found by Monagas et al.23 when evaluating the
Tempranillo and Graciano varieties.
In relation to the percentage of galloylation, the values in seeds
were higher than those in skins. The values ranged from 26.4%
(Syrah IAC 313) to 39.2% (Syrah 1103P) in the ﬁrst harvest season
of the year. The percentage of galloylation in the present study is
higher than that reported in other studies for other V. vinifera L.
varieties, which may be related to environmental factors (terroir).
Cosme et al.,35 evaluating the varieties Touriga Nacional, Caber-
net Sauvignon and Castelão, found values of 3.6, 4.3 and 4.3%,
respectively. Bordiga et al.,37 studying tannins during the matura-
tion of Cabernet Sauvignon skins, found 1.2% galloylation at har-
vest. Kyraleou et al.,38 evaluating the skins of the Syrah variety dur-
ing maturation, found that the percentage of galloylation ranged
from 4.23% to 9.51% in the oligomeric fraction and from 0.13% to
0.42% in the polymeric fraction.
Monomeric and small oligomeric ﬂavanols in seeds
Table 4 shows the results of the statistical analysis of the concen-
trations of small ﬂavanols in seeds of Syrah grapes under tropical
wileyonlinelibrary.com/jsfa © 2019 Society of Chemical Industry J Sci Food Agric 2019; 99: 5050–5063
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conditions. The samples of Syrah seeds of grapes grafted onto IAC
313 showed high concentrations of most identiﬁed ﬂavanols: epi-
catechin (908.8mg.kg−1), epicatechin 3-O-gallate (57.7mg kg−1),
B1 (245.7mg kg−1), B2 (461.4mg kg−1), B3 (84.1mg kg−1),
B4 (42.5mg kg−1), B1-3-O-gallate (40.6mg kg−1), B2-3-O-gallate
(117.3mg kg−1), B2-3’-O-gallate (117.3mg kg−1), C1 (87.3mg kg−1)
and T2 (62.3mg kg−1). Syrah seeds of grapes grafted onto Paulsen
1103 contained only high levels of catechin (1078.3mg kg−1
berries).
For the dimers, the seeds of grapes harvested in the second
period contained higher levels than those harvested in the ﬁrst
period. There was a trend for a higher concentration of condensed
tannins in the early stages of berry development than in the later
stages of berry development, which may be related to the metab-
olization of tannins during maturation. The presence of a high
amount of tannins in the second harvest of the year may be
related to the high temperatures and low thermal amplitude dur-
ing the production period, which reduce the maturation period of
the grape and cause a delay between technological and phenolic
maturation.
When observing the two harvests, it was possible to conﬁrm
that, in the majority of the samples, there were high total con-
centrations of the quantiﬁed compounds in seeds of grapes of the
ﬁrst harvest season, which had an average temperature of approx-
imately 27 ∘C during the maturation period. Some studies have
shown a positive association between temperature and the num-
ber of seeds, aswell as the total proanthocyanidins levels per berry
at harvest.39
Monomeric and small oligomeric ﬂavanols in skins
The concentrations of ﬂavanols phenolic compounds from
grape skins are shown in Table 5. A variation in the contents
was observed between rootstocks. The extracts from Syrah
(1103P) grapes skins contained higher concentrations of catechin
(41.2mg kg−1), epicatechin (82.6mg kg−1), B3 dimer (9.7mg kg−1),
B2-3-O-gallate (5.3mg kg−1) and trimer 2 (3.1mg kg−1) than the
extracts from Syrah (IAC 313) grape skins.
The extracts from the grape skins from vines grafted onto IAC
313 contained higher concentrations of epicatechin 3-O-gallate
(3.6mg kg−1), dimer B1 (10.2mg kg−1), B2 (123.3mg kg−1), B4
(6.3mg kg−1), B1-3-O-gallate (13.4mg kg−1), B2-3’-O-gallate
(4.6mg kg−1) and C1 (6.9mg kg−1) than the extracts from the
grape skins from vines grafted onto 1103P.
The high concentrations of these compounds in the skin of Syrah
grapes (IAC 313) may be related to the greater vigor of this root-
stock compared to that of 1103P31 in the tropical climate condition
of the study, which provides greater coverage of the canopy and
protection of the grape clusters from the solar radiation and high
temperatures. According to some studies, shading reduces the rel-
ative content of procyanidins in grapes grown under traditional
conditions.37,38
Tables 4 and 5 show that the values of ﬂavanols in seeds were
higher than those in skins in all samples and harvesting periods.
Proanthocyanidins are more sensitive to environmental factors in
skins than in seeds; sunlight has been shown to aﬀect the relative
content of proanthocyanidins.38 High temperatures in the region
may have inﬂuenced the degradation of these compounds in
grape skins (Fig. 1).
Discrimination of the samples by PCA
Figure 2 shows discrimination among berry samples of Syrah
grapes cultivated from four vintages and two diﬀerent rootstocks.
Results are based on monomeric anthocyanins analyzes carried
out by HPLC (Table 2), in addition to total phenols, ﬂavonoids and
non-ﬂavonoids, analyzedby spectrophotometry (Table 1). The ﬁrst
two principal components explained 64.74% of total variability
(PC1 versus PC2), where PC1 was responsible for 49.78% and PC2
explained 14.96%. Themain factor explaininggrape variabilitywas
the intra-annual climate variability in the ﬁrst PC, followed by root-
stock eﬀect in the second PC. PC1 separated some berry sam-
ples harvested in the ﬁrst semester (less hot climate) in the posi-
tive quadrants, where there are samples of Syrah grapes from 313
rootstock in 2017_I and also Syrah grapes from 1103 rootstock
in 2017_I, explained by the compounds delphinidin-glucoside,
petunidin-glucoside, malvidin-glucoside, cyanidin and peonidin
(acetyl-glucoside), besides delphinidin and malvidin (esteriﬁed
with the p-coumaric acid). In the negative quadrants of PC1, there
are berry samples harvested in the second semester of the year
in the São Francisco Valley (hot climate), with samples of Syrah
grapes from 1103 rootstock in 2016 II, also inﬂuencing PC1(−)
Syrah grapes from 313 rootstock II 2014, characterized mainly by
total anthocyanins. PC2 separated berry samplesmainly as a result
of the rootstock eﬀect, where, in the positive quadrants, there
are berries harvested in the second semester with Syrah grapes
from 313 rootstock in 2016 II, characterized by the compounds
cyanidin-glucoside, petunidin (p-coumaryl-glucoside) and mal-
vidin (acetyl-glucoside). In the negative quadrants of PC2, there
are not only samples of Syrah grapes from 1103 rootstock in 2016
I and Syrah grapes from 1103 rootstock in 2014 II, but also Syrah
grapes from 313 rootstock in 2016 I, explained negatively by the
compounds cited above in the positive quadrants, as well as by
total anthocyanins (analyzed by spectrophotometry).
Figure 3 shows discrimination among berry samples from Syrah
grapes cultivated from four vintages and two diﬀerent rootstocks.
The results are based on fractionation of condensed tannins and
small oligomeric ﬂavanols extracted from skins and seeds, ana-
lyzed by HPLC, as shown in Tables 3 and 4. The ﬁrst two principal
components explained 66.80%of total variability (PC1 versus PC2),
where PC1 was responsible for 47.34% and PC2 explained 19.46%.
As for anthocyanins, the main factor explaining grape variability
was the intra-annual climate variability in the ﬁrst PC, followed
by rootstock eﬀect in the second PC. PC1 separated berry sam-
ples harvested in the second semester (hot climate) in the posi-
tive quadrants, where there are samples of Syrah berries from 313
rootstock II 2014, explained by the compounds monomeric ﬂa-
vanols in seeds, as well as dimers B3 and B2-3’-O-gallate in skins. In
the negative quadrants of PC1, there are berry samples harvested
in the ﬁrst semester of the year in the São Francisco Valley (less
hot climate) with samples of Syrah grapes from 1103 rootstock in
2016 I and from 313 rootstock in 2016 I, characterized by the com-
pounds oligomeric and polymeric tannins, total tannin condensed
in seeds, and dimer B4 in skins. PC2 separated berry samples
mainly as a result of the rootstock eﬀect, although less strongly
for tannins from skins and seeds, compared to monomeric antho-
cyanins from skins, in the previous PCA (Fig. 2). In only one vintage
was it possible to ﬁnd diﬀerences. In the positive quadrants of PC2,
there are Syrah samples from 1103 rootstock II 2014, explained
by the compounds B2-3-O-gallate in skins and monomeric ﬂa-
vanols in seeds, whereas, in the negative quadrants of the y-axis,
there are samples of Syrah berries from 1103 rootstock in 2017
I and 313 rootstock in 2017 I, characterized by the compounds
oligomeric tannins and total condensed tannins in skins. In this
PCA, it can be observed that, in three vintages, samples from two
rootstocks were less discriminated by fractionation of condensed
J Sci Food Agric 2019; 99: 5050–5063 © 2019 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Figure 2. Principal component analysis of the individual monomeric anthocyanins, total phenols, ﬂavonoids and non-ﬂavonoids in Syrah (Vitis vinifera L.)
grapes grown on two rootstocks and four harvest seasons in a tropical semiarid region of Brazil. All data are expressed as the average values of 3 repli-
cates± standard deviation. Figure 2A, samples: Syrah 313_I, grapes from plants grafted onto IAC 313 during the ﬁrst semester in the years of 2016 and
2017; Syrah 313_II, grapes from plants grafted onto IAC 313 during the second semester, in the years of 2014 and 2016; Syrah 1103_I, grapes from grapes
of plants grafted onto 1103P during the ﬁrst semester of 2016 and 2017; Syrah 1103_II, grapes fromplants grafted onto 1103P during the second semester
in the years of 2014 and 2016. Figure 2B, compounds: Delph_gluc, delphinidin 3-O-glucoside; Cyan_gluc, cyanidin 3-O-glucoside; Petu_gluc, petunidin
3-O-glucoside; Peo_gluc, peonidin3-O-glucoside;Malv_gluc,malvidin 3-O-glucoside;Delph_gluc_acet, delphinidin 3-O-acetylglucoside; Cyan_gluc_acet,
cyanidin 3-O-acetylglucoside; Petu_gluc_acet, petunidin 3-O-acetylglucoside; Peo_gluc_acet, peonidin 3-O-acetylglucoside; Malv_gluc_acet, malvidin
3-O-acetylglucoside;Delph_gluc_pcum,delphinidin 3-O-coumarylglucoside; Cyan_gluc_pcum, cyanidin 3-O-coumarylglucoside; Petu_gluc_pcum,petu-
nidin 3-O-coumarylglucoside; Peo_gluc_pcum, peonidin 3-O-coumarylglucoside; Malv_gluc_pcum,malvidin 3-O-coumarylglucoside; Flavon, ﬂavonoids;
Non-ﬂavon, non-ﬂavonoids; Total anthocy, total anthocyanins; Total anthoc HPLC, total monomeric anthocyanins.
tannins and small oligomeric ﬂavanols, as shown for 2017 I, 2016
I and 2016 II, with samples close together in the PCA, and only for
2014 II grape samples were tannins able to show diﬀerences and
separation of two rootstocks. In the negative quadrant (PC1) and
in the positive quadrant (PC2), it is possible to conﬁrm a proximity
between grape samples grapes grafted on IAC 313 and 1103P in
the two harvest dates of the year 2016, demonstrating similarity
for some compounds (oligomeric and polymeric tannins in seeds;
total condensed tannins in seeds; anddimersB4andB23-O_galate
in skins) and this is related to small climatic diﬀerences (tempera-
tures and rainfall) (Fig. 1) between the two times of harvest in the
year 2016.
Accordingly, the present study highlights that the vintage eﬀect,
speciﬁcally two diﬀerent climates in the year in the São Francisco
Valley, mostly inﬂuences the monomeric anthocyanin composi-
tion of the skins, and then tannins and ﬂavonols from skins and
seeds. These ﬁndings can be conﬁrmed by studies showing a high
dependence of anthocyanins compared to tannins.25,39–41
CONCLUSIONS
In the present study, it was possible to conﬁrm that, in the tropi-
cal semiarid climate of Brazil, the interaction between the cultivar
Syrah and two rootstocks, as well as the climatic conditions in each
harvest season, inﬂuenced the grape composition, mainly for phe-
nolic compounds.
Harvest season and rootstock inﬂuenced pH, total acidity, total
soluble solids (∘Brix), tartaric acid and malic acid in grapes.
Grapes from vines grafted onto IAC 313 presented higher con-
centrations of polymeric tannins and total condensed tannins in
skins and higher contents of ﬂavanols in seeds and skins than
grapes from vines grafted onto 1103P. However, the samples of
grapes from vines grafted onto 1103P presented higher levels of
monomeric anthocyanins, aswell as oligomeric andpolymeric tan-
nins, in seeds, and a higher mean degree of polymerization in
seeds and skins.
Regarding the harvesting eﬀect, there were variations in the
samples for some phenolic compounds, especially for the grapes
harvested in July of the ﬁrst harvest season, which was charac-
terized by lower temperatures and the production of grapes with
higher malic acid, total monomeric anthocyanins, condensed tan-
nins in seeds and total ﬂavanols in skins than grapes harvested
in December from the second harvest season, characterized by
warmer temperatures, with diﬀerent enological potentials, to be
used for aging or young reds, or sparkling wines.
In general, grapes harvested in July presented higher total
acidity, malic acid, total monomeric anthocyanins, total tannins
in seeds and total ﬂavonols, as well as lower total phenols,
total ﬂavonoids and total anthocyanins, than grapes harvested
in December. This suggests diﬀerent methods of winemaking for
producers and wineries. According to the results, aging red wines
should be carried out in the region only with grapes harvested
from the ﬁrst semester, with a higher added value. In addition,
grapesharvested in the second semester,mainly betweenOctober
and December, should be used for young reds or sparkling wines,
which are consumed more and are easily sold, being cheaper
J Sci Food Agric 2019; 99: 5050–5063 © 2019 Society of Chemical Industry wileyonlinelibrary.com/jsfa
5062
www.soci.org JB de Oliveira et al.
Projection of the cases on the factor-plane (  1 x   2)
Cases with sum of cosine square >=  0,00
-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12
Factor 1: 47,34%
-7
-6
-5
-4
-3
-2
-1
0
1
2
3
4
5
6
7
F
ac
to
r 
2:
 1
9,
46
%
Sy313_I_2016_1
Sy313_I_2016_2
Sy313_I_2016_3
Sy1103_I_2016_1
Sy1103_I_2016_2
Sy1103_I_2016_3
Sy313_I_2017_1
Sy313_I_2017_2
Sy313_I_2017_3
Sy1103_I_2017_1
Sy1103_I_2017_2
Sy1103_I_2017_3
Sy313_II_2014_1
Sy313_II_2014_2
Sy313_II_2014_3
Sy1103_II_2014_1
Sy1103_II_2014_2
Sy1103_II_2014_3
Sy313_II_2016_1
Sy313_II_2016_2
Sy313_II_2016_3
Sy1103_II_2016_1
Sy1103_II_2016_2
Sy1103_II_2016_3
Projection of the variables on the factor-plane (  1 x   2)
Active and Supplementary variables
*Supplementary variable
B3_se
B1_se
T2_se
B4_se
B2_se
B23_Gal_se
B23l_Gal_se
Epic_3Gal_se
B1_3Gal_seC1_se
Epicat_se
B3_sk
T2_sk
B4_sk
B2_sk
B2_3Gal_sk
B2_3lGal_sk
B1_3Gal_skC1_sk
Cat_sk
Epicat_sk
*Total_seeds
*Total_skins
*Total tannins_grapes
*Total flavan_se
*Total flavan_sk
-1,0 -0,5 0,0 0,5 1,0
Factor 1 : 47,34%
-1,0
-0,5
0,0
0,5
1,0
F
ac
to
r 
2 
: 1
9,
46
%
mono_seeds
Olig_seeds
Poly_seeds
mono_skins
Olig_skins
Poly_skins
Catec_se
B1_sk
Epicat_3Gal_sk
(A) (B)
Figure 3. Principal component analysis of the fractionation for condensed tannins and small oligomeric ﬂavanols in skins and seeds of Syrah (Vitis vinifera
L.) grapes grown on two rootstocks and four harvest seasons in a tropical semiarid region of Brazil. All data are expressed as the average values of 3
replicates± standard deviation. Figure 3A, samples: Syrah 313_I, grapes fromplants grafted onto IAC 313 during the ﬁrst semester in the years of 2016 and
2017; Syrah 313_II, grapes fromplants grafted onto IAC 313 during the second semester, in the years of 2014 and 2016; Syrah 1103_I, grapes fromgrapes of
plants grafted onto 1103P during the ﬁrst semester of 2016 and 2017; Syrah 1103_II, grapes from plants grafted onto 1103P during the second semester
in the years of 2014 and 2016; sk, skins; se, seeds. Figure 3B, compounds: mono, monomeric tannins; olig, oligomeric tannins; poly, polymeric tannins;
Total skins, total condensed tannins in skins; Total_seeds, total condensed tannins in seeds; Cat, catechin; Epicat, epicatechin; epicat_3_Gal, epicatechin
3-O-gallate; B1, B2, B3, B4, procyanidin dimers; B1_3_Gal B1 3-O-gallate, B2_3_Gal B2 3-O-gallate, B2_3l_Gal B2 3’-O-gallate, Procyanidin dimers gallate;
C1 and T2, procyanidin trimers.
than aging wines. Subsequent studies should aim to evaluate
the eﬀect of season and rootstocks on the phenolic stability of
the wines.
Future studies on viticulture practices in region are still needed;
for example, canopy management (via green pruning) or produc-
tivity control per plant and hectare (between rootstocks and/or
harvest seasons) can be adoptedwith the objective ofmaintaining
or improving the quality of the grapes.
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